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1.0  INTRODUCTION 

l.l  General  Background 

It  is  well  known  that  the  cold  aspect  of  cold-water  immersion  may  be 
fatal.  There  are  at  least  three  mechanisms  by  which  the  cold  can  produce 
fatalities.  First,  It  has  been  suqqested  by  Welch  (l)  that  sudden,  whole- 
body  iriimersion  in  cold  water  may  precipitate  a lethal  stimulation  of  two 
conflictinq  reflexes  --  the  "torso  reflex"  and  the  the  "dive  reflex".  The 
torso  reflex  is  stimulated  by  cold  water  coming  in  contact  with  the  torso. 

When  stimulated  alone  It  produces  an  elevation  in  heart  rate  and  potentially 
uncontrollable  gasping  respiration.  It  was  observed  by  Keatinge,  et  al., 

(8)  v/ho  cited  large  increases  in  blood  pressure  and  pulse  rate  and  hyper- 
ventilation during  cold  showers  (0-2. 5°C)  over  the  chest.  The  dive  reflex 
is  stir-iulated  by  cold  water  on  the  face  and  produces  a depression  in  both  heart 
and  respiration  rates.  Nemiroff,  et  al.,  (9),  summarized  in  (lO),  cite  the 
retarding  effects  of  the  dive  reflex  upon  heart  activity  as  a partial  explana- 
tion of  survival  of  cold-water  submersions  lasting  several  minutes.  When  these 


tw(j  reflexes  are  stimulated  simultaneously  the  result  is  uncertain  and 
probably  varies  from  individual  to  individual.  Simultaneous  stimulation 
may  interfere  with  normal  cardiopulmonary  activities  sufficiently  to  pro- 
duce a fatality  through  what  is  often  called  "sudden  drowning  syndrome". 

In  this  report  the  term  "sudden  death"  shall  be  used. 

Second,  if  the  victim  survives  the  Initial  immersion,  the  debilitating 
effects  of  cold  exposure  may  soon  render  him  unable  to  save  himself.  In  the 
absence  of  flotation  assistance,  this  cold-induced  debilitation  could  precipi- 
tate a drowning  that  would  not  have  occurred  in  warm  water  or  if  the  victim 
had  been  adequately  protected.  Cold  debilitation  may  be  either  physical  or 
mental.  The  physical  debilitation  Is  typified  by  reduced  grip  strength  and 
results  largely  from  the  surface  cooling  of  musculature.  Mental  debilitation 
is  characterized  by  clouded  consciousness  and  Impaired  cerebration,  is  associ- 
ated with  the  cooling  of  deeper  tissues  and  may  result  from  the  cold-induced 
production  of  h i stami ne- 1 I ke  substances  (7) < 

A third  potent i al 1 y- 1 ethal  mechanism  associated  with  immersion  in  cold 
water  is  hypothermia  --  loss  of  heat  from  the  body  core.  Table  I summarizes 
a variety  of  publications  correlating  various  cold-related  symptoms  to  their 
associated  levels  of  core  cooling  and  Indicates  "severe  hypothermia"  at  all 
rectal  temperatures  below  33°C.  It  is  not  a trivial  matter  to  establish  levels 
of  hypothermia  which  would  be  lethal.  As  Indicated  in  (5),  some  evidence  has 
been  found  that  the  only  definitive  criterion  for  lethal  hypothermia  is  the 
failure  of  the  victim  to  respond  to  resuscitation  attempts.  Notwithstanding 
the  variation  in  the  temperature  at  which  It  occurs,  lethal  hypothermia  must 
be  regarded  as  eminent  at  rectal  temperatures  below  26“C.  As  indicated  in 
Table  I,  a victim  would  normally  experience  physical  and  mental  debilitation 
before  hypothermia  progresses  to  lethal  levels.  Survival  beyond  the  onset 
of  the  debilitation  would  normally  require  flotation  assistance. 

The  distinction  between  these  three  lethal  mechanisms  may  be  important  from 
an  avoidance  point  of  view.  Equipment  which  could  protect  an  individual  from 
sudden  death  might  be  of  little  value  In  hypothermia  protection.  Similarly, 
ecpjipment  which  might  give  good  protection  against  hypx^thermia  might  not  protect 
the  limbs  v/e 1 1 enough  to  preserve  the  capability  to  perform  life-sustaining  self- 
aid act i ons . 

Frrxii  the  point  of  view  of  an  accident  Investigation,  it  may  be  very 
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TABLE  I 

LEVELS  OF  HYPOTHERMIA 


"F  “C 


9'J.6 

37.6 

96.8 

36 

95.0 

35 

93.2 

3'^ 

91  .'t 

33 

89.6 

32 

87.8 

31 

86 

30^ 

85.2 

29  \ 

82.4 

28 

> 

80.6 

27 

78.8 

26 

77.0 

25 

75.2 

24^ 

73.4 

23 

\ 

71.6 

/ 

22 

69.8 

68.0 

20 

66.2 

19 

64.4 

l8 

62.6 

17 

48.2 

9 

"Normal"  Rectal  Temperature 

Increased  Metabolic  Rate  In  attempt  to 
balance  heat  loss 

Shivering  maximum  at  this  temperature 

Patients  usually  responsive  and  normal  blood 
pressure 

SEVERE  HYPOTHERMIA  BELOW  THIS  TEMPERATURE 

Consciousness  clouded  j Pupils  dilated 

\ most 

Blood  Pressure  difficult  to  obtain  | shivering  ceases 

“Progressive  loss  of  consciousness' 

Increased  muscular  rigidity 
-Slow  pulse  and  respiration  _ 

^Cardiac  arrhythmia  develops 

\ Ventricular  fibrillation  may  develop  if  heart  Irritated 

Voluntary  motion  lost  along  with  pupillary  light 
reflex,  deep  tendon  and  skin  reflexes  - appear  dead 

Victims  seldom  conscious 

Ventricular  fibrillation  may  appear  spontaneously 
Pulmonary  Edema  develops 


Maximum  risk  of  fibrillation 


Heart  Standst 1 1 1 


Lowest  Accidental  Hypothermic  patient  with  recovery 
ISO-ELECTRIC  EEC 

Lowest  Artificially  Cooled  Hypothermic  patient  with 
recovery 
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To  assure  that  all  relevant  available  data  v^as  reviewed  in  performing  this  task, 
a number  of  attempts  were  made  to  Identify  institutional  sources  for  data  and 
■ m.ilyse',  relevant  to  the  objectives  of  this  task.  Included  in  these  attempts 
v;r  re  the  foil ow  1 ng  : 

1.  A check  of  the  National  safety  Council's  Acc  i dent  Fac  t ■■ 

■/ . Contacting  the  National  Center  for  Health  Statistics 

3.  Contacting  the  25  largest  life  insurance  companies  in 

the  U.  S.  (criterion  for  size  was  amount  of  life  insurance 
in  force) 

A.  Contacting  the  American  Council  of  Life  Insurance  (ACLl) 

5.  A check  made  by  the  ACLl  of  Medical  Risks:  Patterns  of 
Mortality  and  Survival  which  is  Jointly  sponsored  by  the 
Association  of  Life  Insurance  Medical  Directors  and  the 
Society  of  Actuaries 

6.  Contacting  the  Commission  on  Professional  and  Hospital 
Activities 

7.  Contacting  the  Health  Insurance  Association  of  America 

The  result  of  these  checks  was  the  finding  that  In  none  of  the  respective 
data  bases  was  there  a classification  of  hypothermia  as  a cause  of  death. 

Specific  responses  from  the  insurance  companies  ranged  from,  "We  never  see  the 
diagnosis  of  'hypothermia',"  to  "V/h i 1 e hypothermia  is  listed  in  the  International 
Classification  of  Diseases,  the  ultimate  death  code  falls  under  the  miscellaneous 
category  of  'ill-defined  and  unknown  causes'."  Of  course  the  problem  is  not 
so  . ucii  that  hypothermia  is  ill-defined  as  It  is  that  hypothermia  is  difficult 
to  specifically  diagnose.  No  method  Is  presently  known  which  will  determine 
wiiether  a reduction  in  body  temperature  took  place  before  and  was  the  cause  of 
deatn,  or  whether  the  reduction  occurred  after  the  victim  died  of  other  causes. 

After  unsuccessfully  making  the  attempts  listed  above  to  obtain  additional 
information,  the  scope  of  Task  2 reduced,  largely,  to  an  analysis  of  the  data 
contained  in  the  BAR'S  archived  at  U.  S.  Coast  Guard  Headquarters.  The  exception 
is  an  attempt  to  collect  certain  spec  1 f i c Items  of  data  determined  to  be  partic- 
ularly useful.  This  collection  of  supplemental  data  is  discussed  In  Section 
^ . 2 of  this  report . 


2.0  RELEVANT  DATA  AND  ANALY'-I 


Ttii'.  chopler  ch.iracter  i ^es  the  information  available  in  the  file  of 
fiAl'.'-,  .irchived  at  U.  S.  Coast  Guard  Headquarters  and  summarizes  previous 
analysis  aimed  at  immersion  hypothermia. 

2.1  Boating  Accident  Reports 

The  Federal  Boat  Safety  Act  of  1971  requires  that  the  operator  of  a 
boat  involved  in  an  accident  which  resulted  in  either  a fatality,  an  injury, 
or  property  damaqe  in  excess  of  $100,  file  a report.  The  Coast  Guard-approved 
form  for  reporting  boating  accidents  is  form  CG-3865  (Rev.  5“75)  , a copy  of 
which  is  in  Appendix  A.  The  various  states  are  permitted  to  include  additional 
reporting  requirements  if  they  so  choose.  The  general  types  of  information 
v/hich  are  contained  in  a complete  BAR  are  the  following: 

1.  Information  on  the  operator  of  the  boat 

2.  Description  of  the  boat 

3.  Time  and  place  of  accident 

A.  Environmental  conditions  prevailing  at  the  time  of 
the  accident 

5.  General  flotation  aid  information 

6.  Name,  address,  age,  swimming  skills  and  cause  of 
death  (drowning,  disappearance  or  other)  for  each 
fatal  I ty,  and 

7.  Brief  narrative  description  of  accident 

The  bar's  for  accidents  Involving  fatalities  are  often  accompanied  by 
additional  information  of  the  following  types: 

1.  Detailed  narrative  reports  of  investigating  officers 

2.  Statements  of  survivors  and/or  witnesses 

3.  Death  certificates 

A.  Autopsy  reports 

BAR'S  are  sometimes  submitted  with  no  back-up  Information  and/or  incompletely 
filled  out.  Some  fatal  boating  accidents  are  not  reported  at  all.  These  un- 
reported fatalities  are  sometimes  detected  through  newspaper  articles  describing 
the  accident  to  some  level  of  detail.  Copies  of  these  clippings  are  available 
in  the  accident  report  files  at  Coast  Guard  Headquarters.  Several  data  elements 
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on  the  BAR  are  of  particular  relevance  to  a determination  of  the  possible 
causal  involvement  of  Immersion  hypothermia.  They  are: 


I . 


2. 


3. 

<4. 


Water  temperature 

Water  conditions  (weather) 

The  victim's  swimming  ability 

The  victim's  usage  of  flotation  aids 


In  addition  air  temperature  could  have  some  Influence  on  the  occurrence 
of  hypothermia;  but  Its  contribution  in  affecting  the  onset  of  Immersion 
hypothermia  would  normally  be  dwarfed  by  that  of  the  water. 

In  addition  to  the  file  of  reports,  a computer  Information  system  at 
Coast  Guard  Headquarters  contains  coded  summaries  of  the  BAR'S.  This  coded 
data  serves  as  the  basis  for  the  Coast  Guard's  annual  publication  of  Boat i ng 
Statistics  (CG-357) . This  computer  data  base  has  a category  of  information 
called  "Accident  Descriptors".  A list  of  US  coded  descriptors  is  available. 
The  individual  coding  the  accident  may  choose  up  to  3 of  the  45  descriptors  as 
is  appropriate.  One  of  the  descriptors  (Number  7)  is,  "exposure,  shock, 
hypothermia". 

The  complete  reports  for  certain  years  are  also  available  on  microfiche. 


2.2  The  Accident  Recovery  Model 

The  Accident  Recovery  Model  (ARM)  was  developed  to  support  the  evaluation 
of  the  role  of  personal  flotation  devices  (PFD's)  In  saving  lives  and  the 
effectiveness  of  proposed  regulatory  and  educational  programs.  ARM  was  con- 
structed to  be  representative  of  reported  recreational  boating  .jccldents  in 
an  "average"  year  and  Is  based  on  a sample  of  1,513  boating  accident  victims 
whose  histories  were  drawn  from  the  Coast  Guard  collection  of  BAR's  for  1969 
through  1977.  The  greatest  sampling  was  from  1975  (47.5^),  >973  (14.5%)  and 
1570  (10.9%).  The  least  sampling  was  from  1974  (0.8%). 

Among  other  subjects  of  analysis,  Reference  2 addresses  a quantification 
of  the  frequency  of  hypotherml a- rel ated  fatalities.  The  determination  was  based 
on  the  distributions  of  "time  In  the  water"  and  water  temperatures  among  fatal 
accidents.  This  data  from  ARM  was  combined  with  survival -t Ime  data  for  heavily 
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clolhod  people  by  Hayward,  et  al . , (3).  Several  interesting  observations 
arc  rra d e > n ( 2)  . 

1.  "water  temperatures  are  unknown  for  alnxjst  5(>%  of 
the  victims  that  wind  up  in  the  water." 

2.  "time  In  the  'water  Is  unknown  for  nearly  62%  of  the 
victims  who  enter  the  water." 

3.  "bet'ween  26  and  202  boating  deaths  per  year  are 
influenced  by  hypothermia." 

k.  "nearly  three- fourths  of  the  fatalities,  for  whom 
time  In  the  water  is  known,  occur  In  the  first 
15  minutes." 

It  should  be  noted  that  I terns  1 and  2 are  expressed  as  percentages  of  boating 
accident  victims  who  enter  the  water,  not  as  percentages  of  boating  accident 
fatalities.  It  would  be  expected  that  time  In  the  water  would  be  unknown 
for  an  even  larger  percentage  If  only  fatalities  are  considered.  It  should 
also  be  noted  that  the  total  time  a deceased  victim  was  in  the  water  is  not 
the  correct  basis  for  determining  the  onset  of  hypothermia.  Only  the  amount 
of  time  in  the  water  prior  to  death  is  relevant.  For  example,  an  individual 
could  die  of  asphyxiation  in  cold  water  and  subsequently  cool  sufficiently 
to  give  the  appearance  of  profound  hypothermia.  Only  "time  alive  in  the 
v/ater"  is  relevant  in  determining  the  potential  Involvement  of  hypothermia. 

The  range  of  uncertainty  in  the  number  of  hypothermia-related  fatalities 
(item  3)  results  from  the  incomplete  data  referred  to  in  I terns  I and  2 above. 
Based  on  an  estimated  1,^467  annual  boating  fatalities,  this  range  of  uncertainty 
represents  from  1.82,  to  I3«82  of  boating  fatalities.  The  fourth  observation 
is  significant  in  that  it  Indicates  that  hypothermia  could  not  have  occurred 
in  trie  group  of  fatalities  mentioned  but  that  sudden  drowning  syndrome  can 
not  be  ruled  out. 

The  ARM-based  hypothermia  analysis  (2)  exhibits  specific  deficiencies 
with  respect  to  the  objectives  of  the  present  effort. 

1.  v/h  i 1 e a range  of  hypot  herm  I a- rel  at  ed  boating 
fatalities  is  given  from  1.82  to  13.82  of 
all  boating  fatalities,  no  point  estimate  of 
this  percentage  is  given 

2.  time  other  than  time  alive  in  the  water  may  have 
been  used  in  determining  the  onset  of  hypothermia 

3.  no  efforts  were  made  to  resolve  the  fundamental  problem  - 
lack  of  water  temperatures  and  time  alive  In  the  water  data 
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I 

1 the  26  fatalities  determined  to  be  hypothermia-related 

do  not  constitute  an  adequate  basis  for  a demographic 
analysis  of  high-risk  populations 

These  deficiencies  arise  primarily  because  ARM  was  concerned  with  all  types 
I of  boating  accidents  not  Just  fatalities.  Of  the  1,313  Individual's  accident 

^ circumstances  reviewed  and  Included  In  the  ARM  sample,  only  277  were  fatalities. 


2.3  Preliminary  Conclusions 


Based  on  a review  of  the  nature  of  the  data  available  for  analysis  (BAR'S 
and  backup  reports)  and  the  previous  analysis  directed  toward  hypothermia 
assessments  (ARM  analysis)  several  preliminary  conclusions  were  drawn  concern- 
ing the  most  appropriate  directions  for  the  present  effort. 

1.  the  analysis  should  be  based  on  an  Intensive  review 
of  boating  fatalities 

2.  specific  fatalities  Involving  hypothermia  as  a causative 
factor  should  be  Identified  because  of  the  detailed  data 
needed  to  support  the  demographic  characterization  of 
high-risk  populations 

3.  the  computer  coding  of  the  BAR's  should  not  be  used  as  the 
sole  data  source  because  of  the  additional  Information 
available  In  the  narrative  on  the  BAR's  and  In  the  materials 
attached  to  them 

I*,  the  analysis  should  be  based  on  the  records  for  a year  which 
were  available  In  their  entirety  on  microfiche  because  of 
the  volume  of  BAR's  and  supporting  material  to  be  reviewed. 

The  most  recent  such  year  (197^)  was  chosen 

3.  as  had  been  anticipated  earlier,  attempts  to  obtain 

supplemental  Information  would  be  needed  and  reasonable 
attempts  should  be  made  (discussed  In  Chapter  A) 

6.  a systematic  schema  (discussed  In  Chapter  3)  Is  needed, 
for  classifying  fatalities  regarding  the  Involvement  of 
hypothermia  as  a causative  factor,  which  makes  maximum  use 
of  available  and  obtainable  data. 

Conclusions  2 and  3 are  based  upon  the  notion  that  a better  result  will  be 
obtained  by  a thorough  review  and  systematic  Interpretation  of  the  basic  data, 
than  by  an  analysis  of  accident  patterns  based  largely  upon  assumptions.  Con- 
clusion A Is  based  upon  the  realization  that  the  BAR's  and  all  associated 
supplemental  reports  must  be  available  to  the  research  team  on  a dally  basis 
and  that  paper-copy  duplicates  of  this  material  represents  a prohibitive 
volume  of  paper.  By  basing  the  analysis  on  one  year's  data,  the  only  question 
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to  be  considered  in  usinq  the  results  is  tite  representativeness  of  the  year 
chosen. 

Tlu-re  was  nothiny  out  standing  about  the  weather  In  197^  as  there  was 
in  19/6  and  1977-  Based  on  data  presented  In  Boating  Statistics  1976 
(Cfi-j97Ji  the  average  number  of  annual  boating  fatalities  in  the  10  years 
from  I9(>7  through  1976  was  approximately  1*437.  The  1*4*46  fatalities  cited 
in  CG-3S7  for  197*4  makes  it  very  representative  of  this  period.  The  same 
could  not  be  said  for  1971  (with  1582  fatalities),  1973  (with  175^  fatalities) 
or  1976  (with  126*4  fatalities).  Additionally,  the  continual  Improvement  in 
the  completeness  and  quality  of  reporting  of  boating  accidents  was  felt  to 
support  the  selection  of  the  most  recent  representative  year  to  serve  as  the 
basis  for  analysis. 
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3.0  METHOD  FOR  CLASSIFICATION  OF  ACCIDENTS 


This  chapter  describes  the  process  by  which  the  reports  concerning 
197^  boating  fatalities  were  reviewed  and  analyzed  leading  to  the  classification 
ol  the  fatalities  regarding  the  involvement  of  sudden  death,  debilitation 
death  and  hypothermia. 


Classification  System 


The  classification  system  which  was  used  for  summarizing  the  findings 
of  reviewing  the  BAR's  represents  an  attempt  to  distinguish  between  those 
fatalities  which  were  cold-related  and  those  which  were  not;  but  it  also 
represents  an  attempt  to  distinguish  between  occurrences  of  the  three  cold- 
related,  lethal  mechanisms  discussed  In  Chapter  1.0.  The  classifications 
employed  are  as  follows: 

1.  Fatality  Involves  sudden  death 

2.  Fatality  Involves  debilitation  death 

3.  Fatality  involves  hypothermia 

*1.  Fatality  involves  debilitation  death  or  hypothermia 

5.  Report  Indeterminate 

6.  Fatality  not  cold-related 

7.  Report  missing 

It  is  important  to  keep  In  mind  that,  even  though  the  report  Is  being  addressed 
in  two  of  these  classifications,  the  Individual  fatalities  are  being  classified 
and  not  the  accidents.  The  term  "indeterminate"  Is  used  to  classify  a fatality 
which  is  generally  well  reported  but  which  can  not  be  resolved  regarding  hypo- 
thermia involvement.  The  term  "missing"  Is  applied  to  reports  which  could  not 
be  found  in  the  197^  microfiche  even  though  the  computer  file  contains  the  case 
numbers . 

Fatalities  which  are  reported  sufficiently  well  to  be  classified  are  assigned 
one  of  the  first  6 classifications.  Classifications  I through  A are  assigned 
to  fatalities  which  are  definitely  col d- rel ated . Classification  5 Indicates 
that  available  data  does  not  indicate  conclusively  whether  or  not  cold  played 
a causal  role  in  the  fatality.  Classification  6 Indicates  that  we  have  sufficient 
evidence  to  conclude  that  the  fatality  was  not  cold  related.  This  general 
t r i chotomi zat ion  of  the  classifiable  fatalities  regarding  the  causal  involve- 
ment of  cold  exposure  Is  suggested  by  the  survival  time  - water  temperature 
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relat ionships  shown  in  Figure  I which  were  developed  by  OeForest  and 
Beckman  (A).  The  recognition  of  a marginal  zone  Is  consistent  with  the 
uncertainty  arising  from  the  variability  in  response  to  cold  exposure 
to  be  expected  as  a result  of  inter- indl vidual  variations  in  somatotype, 
clothing  and  other  factors. 


3.2  BAR  Review  Logic 


There  are  a number  of  bases  on  which  one  might  conclude  the  involvement 
of  hypothermia  in  a boating  fatality.  The  bases  to  be  used  in  this  study 
v^ere  selected  and  then  reduced  to  the  form  of  a logic  chart.  This  facili- 
tated the  classification  of  the  boating  fatalities  which  occurred  in 
The  logic  utilized  for  reviewing  the  BAR's  consists  of  a sequence  of  1^4 
questions  (indicated  Ql  through  Q|i*)  depicted  In  Figure  2.  The  logic  dis- 
tinguishes among  the  first  6 classifications  listed  In  Section  3.1  as 
appropriate  descriptors  for  the  fatality.  The  outcome  of  each  BAR  review 
is  an  arrival  at  one  of  the  terminal  nodes  (Indicated  by  circles)  in  Figure 
2.  The  nodes  correspond  to  the  6 classifications  as  follows: 


Node 


HI 


S 

D 

H2, 

DH 


H3 


Ul  , U2 

Nl  , N2,  N3,  Ni4,  N5 


Sudden  death 

Debi 1 I tat  ion  death 

Hypothermia 

Death  due  to  debilitation 
or  hypothermia 
Report  Indeterminate 
Fatality  not  cold-related 


Logical  conclusions  at  nodes  S,  D,  HI,  H2,  H3  or  DH  are  taken  collectively 
as  indications  of  cold-related  fatalities. 


The  logic  was  modified  after  the  analysis  to  eliminate  certain  detailed 
provisions  which  were  not  needed  to  classify  the  197^  fatalities  (e.g.; 
treatment  of  uncertainty  at  block  Q7  of  Figure  2).  Since  the  objective  did 
not  call  for  developing  completely  general  logic  that  could  be  used  for  any 
year,  the  logic  presented  In  Figure  2 was  simplified  to  Include  only  those 
provisions  needed  to  classify  the  197^  fatalities. 


A 
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HYPOTHERMIA  SURVIVAL  TIMES  VERSUS  WATER  TEMPERATURE  * 
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"After  "Thermal  Balance  and  Survival  Time  Predictions  of  Man  in  Cold  Water 
Hayward,  Eckerson,  and  Col  I is,  University  of  Victoria,  British  Columbia. 


Bases  for  Concluding  Fatality  Not  Cold-Related 

The  first  basis  for  determining  that  a fatality  Is  not  cold-related 
(node  Nl)  Is  that  there  Is  an  Identifiable  definitive  cause  of  death  which 
Is  not  cold-related.  Examples  of  such  causes  of  death  are  heart  attacks 
and  trauma.  They  do  not  Include  such  things  as  drowning  or  disappearance 
as  Indicated  on  either  the  death  certificate  or  the  BAR. 

The  second  basis  for  concluding  that  a fatality  was  not  cold-related 
(node  N2)  Is  that  node  HI  was  not  reached,  water  temperature  and  time  alive 
in  the  water  are  found  to  be  associated  with  the  safe  region  of  Figure  I, 
and  either  the  fatality  was  not  "Immediate"  or  If  It  was  It  occurred  In 
water  so  warm  (over  60“F)  as  to  render  It  unlikely  that  It  was  cold-induced. 
These  last  checks  are  Intended  to  preclude  sudden  deaths  from  being  Included 
In  the  N2's.  The  assumption  Is  made  that  debilitation  deaths  do  not  occur 
In  the  safe  region  of  Figure  I. 

The  third  basis  for  concluding  that  a fatality  was  not  cold-related 
(node  N3)  Is  that  nodes  HI,  H2  and  S were  not  reached  and  the  weather  was  not 
calm.  The  precise  definition  of  calm  weather  Is  given  as  a ground  rule  in 
Section  3>3*  The  unsettled  nature  of  the  weather  Is  taken  as  an  indication 
that  the  water  surface  was  sufficiently  rough  to  provide  an  Identifiable 
definitive  cause  for  the  fatality  regardless  of  PFD  usage  or  swimming  skills. 

It  Is  possible  that  an  Individual  with  good  general  water  skills  and  good 
personal  flotation  could,  by  controlling  his  breathing,  survive  the  continual 
Impingement  of  rough  water  upon  his  breathing  passages  and  survive  long 
enough  for  hypothermia  to  become  1 I fe-threatenlng.  However,  It  Is  recognized 
that  only  one  episode  of  the  uncontrolled  breathing,  associated  with  the 
stimulation  of  cough,  swallow,  or  sneeze  reflexes,  may  be  needed  to  precipi- 
tate an  irreversible  aspiration  or  Ingestion  of  water  resulting  In  drowning. 

This  fact  Is  the  basis  for  adoption  of  the  logical  convention  of  declaring 
rough  weather/water  a definitive  cause  for  drownings. 

The  fourth  basis  for  concluding  that  a fatality  was  not  col d-rel ated (node 
Nk)  Is  that  nodes  HI,  H2  and  S were  not  reached  and  the  victim  was  a non-swimmer 
and  was  not  supported  by  flotation  assistance.  The  methods  observed  for 
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receiving  flotation  assistance  are  discussed  in  Section  3«3<  The  absence 
of  both  swimming  skills  and  flotation  assistance  Is  regarded  as  adequate 
definitive  explanation  for  a water- Immersion  fatality,  removing  the  necessity 
to  resort  to  more  complicated  mechanisms. 

The  last  basis  for  concluding  that  a fatality  was  not  cold  related  (node 
N5}  Is  that  nodes  HI,  H2  and  S were  not  reached  and  the  water  temperature  Is 
known  to  be  at  least  70* F.  While  the  definitive  cause  of  death  in  these 
cases  Is  uncertain.  It  Is  a virtual  certainty  that  they  were  not  cold-related. 

Basis  for  Concluding  Sudden  Death  Syndrome  Involved 

The  basis  for  concluding  a fatality  to  have  resulted  from  sudden  death 
syndrome  (node  S)  Is  that  node  Nl  was  not  reached,  the  death  Is  known  to  have 
occurred  "Immediately"  after  Immersion,  and  It  occurred  In  water  sufficiently 
cold  (below  SO^F)  to  make  sudden  death  a plausible  definitive  cause  of  death. 
The  term  "Immediate"  in  block  Q5  refers  to  circumstances  described  in  the 
narrative  reports  as,  for  example,  "he  fell  Into  the  water  and  never  came 
up."  A victim  seen  struggling  In  the  water  for  even  a few  minutes  would  not 
be  expected  to  suffer  sudden  death.  There  Is  no  particular  water  temperature 
known  above  which  sudden  death  will  not  occur.  Its  occurrence  depends  on 
the  individual's  clothing,  somatotype  and  physical  susceptibility  as  well  as 
water  temperature.  It  Is  predicated  upon  the  simultaneous  stimulation  of  the 
dive  reflex  and  the  torso  reflex.  The  basis  for  using  60*F  In  block  Q6  Is 
that  Welch  (i)  mentions  several  research  findings  Indicating  the  dive  reflex 
is  not  "pronounced"  until  water  temperature  Is  below  68*F  and  that  the  torso 
reflex  Is  accentuated  by  cold  water  (52”F)  compared  to  warm  (82'’F). 

Bases  for  Conciuding  Debilitation  Death  or  Hypothermia  Involved 

The  first  basis  for  concluding  that  hypothermia  was  a causative  factor 
(node  HI)  Is  its  appearance  as  "cause  of  death"  on  a death  certificate.  Of 
course  this  it  rarely  found  because  of  the  difficulty  In  diagnosing  hypothermia. 
Consideration  was  given  to  Ignoring  this  finding  In  some  cases  based  on  other 
facts  which  may  be  known  about  the  fatality.  However  It  was  decided  that  the 
Individuals  making  the  determinations  Immediately  after  the  accidents  were  in 
a better  position  to  meke  e Judgment  about  the  cause  of  death  than  are  the 
reviewers  of  their  written  records.  The  error  they  should  more  commonly 
meke  is  the  declaration  of  "drowning"  as  the  cause  of  death  which,  in  fact, 
resulted  from  a complex  set  of  Interacting  factors. 
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The  second  basis  for  determining  hypothermia  Involvement  (node  H2) 
is  that  node  Nl  was  not  reached  and  a water  temperature  and  time  alive 
in  the  v;ater  were  found  which  are  associated  with  the  lethal  region  of 
Figure  I.  It  should  be  noted  that  the  H2  classification  explicitly  excludes 
cases  of  sudden  death  and  presumably  excludes  debilitation  death  as  well. 

The  remaining  conclusions  of  hypothermia  and  the  conclusions  of 
debilitation  death  result  downstream  of  block  Q8  and  are  summarized,  under 
the  assumption  that  water  temperature  Is  less  than  70°F  In  Table  2. 

The  H3  conclusion  of  hypothermia  results  when  nodes  Nl,  N2  and  N3  were 

not  reached  and  the  victim  had  flotation  assistance,  regardless  of  swimming 
skills.  The  rationale  Is  that  flotation  assistance  should.  In  calm  weather, 
preserve  life  beyond  the  time  when  co I d-deb M i tat  ion  has  removed  one's  ability 
to  save  himself.  Unless  a rescue  Is  accomplished  to  deter  the  onset  of  hypo- 
thermia, it  v;i I 1 develop  to  lethal  levels.  This  serves  as  a sufficient 
definitive  cause  for  the  fatality. 

The  conclusion  of  debilitation  death  (node  D)  results  when  nodes  Nl, 

N2,  and  N3  were  not  reached  and  the  victim  was  a swimmer  but  had  no  flotation 

assistance.  In  this  case  he  can  save  himself  as  long  as  he  is  able  to  swim 

but  is  very  susceptible  to  cold-induced  physical  and  mental  debilitation. 

The  conclusion  of  debilitation  death  or  hypothermia  (node  DH)  results 
v;hen  nodes  Nl,  N2  and  N3  were  not  reached,  the  victim  was  a swimmer,  and  it 
is  not  known  v/hether  or  not  he  bad  flotation  assistance.  In  this  case  we 
conclude  tha’  either  debilitation  death  or  hypothermia  was  the  definitive 
cause  of  the  fatality  but  we  are  unable  to  distinguish  which  it  was  because 
of  the  absence  of  flotation  assistance  data. 

bases  for  Concluding  Report  Indeterminate 

The  first  basis  for  concluding  a report  to  be  indeterminate  (node  Ul) 
is  that  HI,  H2,  Nl,  N2,  N3  and  S were  not  reached,  the  water  temperature 
is  unknown  but  the  victim  possessed  either  swimming  skills,  flotation  assist- 
ance or  both.  Based  on  the  swimming  ability  and/or  flotation  assistance  the 
victim  is  ascribed  a reasonable  chance  of  survival,  but  based  on  the  un- 
certainty about  water  temperature  It  is  not  possible  to  draw  an  inference 
concc'-ning  the  causal  involvement  of  cold  exposure.  The  Ul  classifications 
are  illustrated  in  Table  k. 
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TABLE  2 

' SELECTED  CLASSIFICATIONS; 

WATER  TEMPERATURE  BELOW  yO^F 


C 1 ass i f I cat  ion 

Sw  i mtne  r 

Yes 

No 

■ 

Yes 

H3 

H3 

H3 

Flotat Ion 

No 

D 

N^ 

U2 

Ass i stance 

7 

DH 

U2 

U2 

TABLE  3 

SELECTED  CLASSIFICATIONS: 
WATER  TEMPERATURE  AT  LEAST  yO^F 


C 1 ass  i f icat ion 

Swimmer 

Yes 

No 

■ 

Flotation 

mm 

N5 

N5 

N5 

Ass  I s tance 

N5 

NA 

N5 

■ 

N5 

N5 

N5 

TABLE  k 

SELECTED  CLASSIFICATIONS: 
WATER  TEMPERATURE  UNKNOWN 


Classification 

Swimmer 

Yes 

No 

7 

Yes 

Ul 

■1 

Ul 

Flotat ion 

No 

Ul 

U2 

Ass (Stance 

? 

Ul 

H 

U2 
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The  other  basis  for  concluding  a i eport  to  be  indeterminate  (noue 
U2)is  illustrated  in  Tables  2 and  4.  It  results  when  nodes  HI,  H2,  Nl,  N2, 
h3  and  S were  not  reached  and  the  absence  of  swimming  skills  or  uncertainty 
.ihout  then  corib  1 ne  with  the  absence  of  flotation  assistance  or  uncertainty 
about  it  and  also  with  water  which  is  either  below  70“ F or  of  unknown 
temperature.  The  further  classification  of  a fatality  initially  classified 
as  U2  v;ould  require  water  temperature  data  and  either  a positive  finding 
concerning  svnmminy  skills  or  flotation  assistance  or  a negative  finding 
concerning  both.  The  U2  fatalities  can  not  be  resolved  by  the  acquisition 
of  water  temperature  data  alone. 


3.3  Ground  Rules 


There  are  many  factors  In  addition  to  those  appearing  in  the  review 
logic  in  Figure  2,  which  may  affect  the  outcome  of  a boating  accident.  The 
logic  involves  many  simplifications  made  as  concessions  to  clarity  in 
communicating  the  major  points.  The  logic  should  be  regarded,  as  It  was 
eniployed,  as  a general  guide  for  logical  analysis.  Many  special  cases  were 
found  during  the  reviev/  which  required  special  consideration.  This  section 
P'^esents  stateriients  of  ground  rules  which  v/ere  adopted  for  dealing  with  the 
more  significant  ones. 

Type  of  Hypothermia  Considered 

The  term  hypothermia  in  Figure  2 Is  Interpreted  to  mean  Immersion 
hypothermia.  Only  possible  immersion-hypothermia  fatalities  were  reviewed 
beyond  block  Q2. 

Cause  of  Death 

The  cause  of  death  referred  to  In  block  0,2  of  Figure  2 is  Interpreted 
to  mean  a definitive  cause  of  death  as  opposed  to  an  unsupported  indication 
of  drowning  or  disappearance. 

Time  Alive  in  the  Water 

In  some  cases  time  alive  in  the  water  Is  not  known  exactly  but  a bound 
(upper  or  lov/er)  on  Its  value  Is  determinable.  In  these  cases,  the  analysis 
proceeds  to  block  Q4  and  the  bounding  value  Is  used  in  conjunction  with 
water  temperature  (if  It  was  known)  and  the  Information  In  Figure  I to 
determine  if  a conclusion  could  be  supported.  For  example,  if  a victim 
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v/as  alive  less  than  2 hours  In  60°F  water  the  review  continues  to  block 


QS-  If  the  time  bound  had  been  3 hours,  no  conclusion  would  be  supported 
at  block  and  the  analysis  would  proceed  to  Q,7  • 

Immediate  Death 

The  term  "immediate"  death  used  In  block  Q5  Is  determined  on  the  basis 
of  narrative  descriptions  of  the  accident  and  Is  not  based  on  a particular 
time  period  for  the  occurrence  of  the  fatality. 

Weather 

The  "calm"  weather  referred  to  In  block  Q7  Is  taken  to  mean  winds  not 
exceeding  15  miles  per  hour  and  waves  not  exceeding  2 feet.  Other  combina- 
tions of  conditions  are  regarded  as  "rough"  weather. 

Turbulent  Water 

Turbulent  water  as  found  In  mountain  rivers  and  streams  and  in  ocean 
surf  is  treated  as  rough  weather  at  block  07-  This  determination  relied 
heavily  on  descriptions  of  the  accident  sites  In  narrative  reports. 

Flotation  Assistance 

Flotation  assistance  Is  regarded  as  being  satisfactorily  provided  by 
any  of  several  media,  Including  a properly-used.  Coast  Guard-approved  PFD, 
a capsized  boat  and  a tree  top.  A victim  is  normally  found  wearing  his 
PFO  if  he  was  wearing  one  properly  when  the  accident  occurred.  Modes  of 
flotation  assistance  other  than  PFD's  are  recognized  only  if  there  are 
■witness  accounts  specifically  indicating  their  use. 

Swimmi ng  Skill 

The  classification  of  an  Individual  as  a swimmer,  at  blocks  Q.9  and 
0.12,  is  negated  by  factors  such  as  the  wearing  of  hip  boots,  the  existence 
of  appropriate  injuries,  and  the  impairment  of  a panicked  non-swimmer 
holding  the  swimmer. 

Unconscious  Victim 

An  unconscious  victim  Is  regarded  the  same  as  a conscious  non-swimmer 
at  blocks  Q9  and  QI2. 

Al cohcl 

The  use  of  alcohol  by  a boating  accident  victim  is  treated  in  one  of 
two  v/ays  depending  upon  the  amount  consumed  generally  as  Indicated  in 
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narrative  reports.  Victims  who  were  described  as  "drunk"  are  regarded 
as  functional  non-swimmers.  Victims  who  were  not  described  as  drunk  but 
had  been  drinking  are  regarded  as  retaining  their  Intrinsic  swimming  skills. 

3. A Types  of  Errors  Anticipated 

The  review  procedure  discussed  In  this  chapter  was  formulated  to  be 
systematic,  unders tandabl e , and  consistent  with  existing  Information  on 
the  three  col d- re  1 ated , lethal  mechanisms,  and  to  make  maximum  use  of  all 
obtainable  data.  It  involves  a number  of  simplifying  assumptions  which 
can  be  expected  to  result  in  certain  errors  whose  nature  may  be  predicted. 

These  errors  manifest  themselves  as  erroneous  classifications  and  are  dis- 
cussed as  such  in  the  following  paragraphs.  Because  of  the  conservative 
rrd'ture  of  the  HI,  H2,  and  N2  classifications  no  logical  errors  are  expected. 

A 

Errors  in  S Classifications 

For  a fatality  to  be  classified  as  sudden  death  (block  Q6)  it  is 
required  that  the  water  be  below  60°F,  that  no  other  Identifiable  defini- 
tive cause  of  death  be  known  and  that  It  be  known  that  the  death  or  dis- 
appearance occurred  Immediately  after  entry  into  the  water.  For  this  last 
fact  to  be  known  generally  requires  that  the  accident  have  been  witnessed 
by  an  observer,  either  a bystander  or  a surviving  companion  in  the  boat. 

It  is  reasonable  to  expect  that  sudden  deaths  may  occur  In  circumstances 
■which  preclude  us  from  having  Information  on  the  Immediacy  of  the  fatality. 
These  fatalities  will  be  classified  as  appropriate  downstream  of  block  Q? 
and  will  not  be  classified  as  sudden  deaths.  Thus  the  single  S node  Is 
a conservative  classification  which  will  provide  a lower  bound  on  the  number 
of  sudden  deaths. 

Errors  in  N3  Classifications 

Weather  and  water  conditions  are  assigned  a prominent  role  in  deter- 
mining the  outcomes  of  the  logical  analysis  schema  shown  In  Figure  2.  Rough 
water  is  taken  as  a satisfactory  definitive  cause  for  a fatality  regardless 
of  the  victim's  PFO  condition  and  swimming  skills.  The  requirements  for  a 
victim  of  rough-water  immersion  to  survive,  even  with  a PFO,  were  described  in 
jeclon  3.2.  The  probability  that  a recreational  boater  could  survive  even  an 
hour  of  the  treatment  resulting  from  rough-water  Immersion  is  not  regarded  as 
larcje;  but  it  is  not  0.0.  Thus  some  cold-related  fatalities  may  be  erroneously 


classified  as  N3.  An  error  of  this  type  results  In  excess  N-node 
class!  f I cat  ions . 

Errors  in  H3  Classifications 

The  H3  classification,  at  block  QIA,  of  hypothermia  Involved  is  based 
on  information  that  flotation  assistance  was  used  by  the  victim.  Flotation 
assistance  is  defined  to  Include  some  objects,  such  as  trees  and  capsized 
boats,  which  may  require  some  conscious  effort  by  the  victim  to  keep  him 
afloat.  If  the  victim  does  not  take  steps  to  secure  himself  to  his  source 
of  flotation  he  may  become  separated  from  It  due  to  cold-related  debilitation. 
The  only  significance  of  this  to  the  classification  schema  Is  that  two  cold- 
related  lethal  mechanisms  are  Imperfectly  distinguished  with  the  result 
that  some  debilitation  deaths  may  be  classified  as  hypothermia  deaths. 

Errors  in  Classifications 

The  NA  classification  at  block  QIZ  Is  predicated.  In  part,  upon  the 
determination  at  block  Q8  that  the  victim  had  no  flotation  assistance. 
Considered  as  no  flotation  assistance  are  the  proper  use  of  a non-approved 
PFD  and  the  improper  use  of  an  approved  PFD  as  well  as  the  Improper  use  of 
a non-approved  PFD.  These  off-nominal  PFD  conditions  may  give  some  indivi- 
duals sufficient  flotation  for  a reasonable  expectation  of  survival.  Thus 
sore  of  the  fatalities  classified  as  NA  may  be  directly  due  to  debilitation 
or  hypothermia  resulting  from  cold-water  Immersion. 

Errors  in  D Classification 

because  of  the  simplifications  Involved  In  disregarding  off-nominal  PFD 
conditions  (discussed  In  the  previous  paragraph)  the  debilitation  death  classi- 
fication at  block  Ql 3 could  be  applied  to  some  fatalities  which  were  In  fact 
due  to  hypothermia. 

Summary 

The  logical  errors  made  In  the  H3  and  D classifications  effect  only  the 
distinction  between  hypothermia  and  debilitation  deaths  and  are.  In  fact,  off- 
setting errors.  The  logical  errors  made  In  the  S,  N3  and  Nl*  classifications 
all  serve  to  erroneously  increase  the  number  of  N-node  classifications.  Some 
of  the  real  sudden  deaths  may  be  finally  classified  as  0,  H3  or  OH  but  some 
may  be  classified  N3  or  NA.  Therefore  It  must  be  concluded  that  the  logical 
schema  in  Figure  2 tends  to  classify  too  many  fatalities  as  "not  col d-rel ated . 
The  magnitude  of  this  error  Is  not  thought  to  be  large. 
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l4.0  ACC  I DEN  I DATA  REVIEWED 


In  finality  tv/o  general  types  of  data  were  used  as  the  basis  for 
reviovnng  the  197*4  boating  fatality  history.  First,  data  which  could  be 
••/tr.iclcd  I r(jin  the  BAR's  and  their  associated  narrative  reports  was  summarized 
and  revifcv/cd.  This  led  to  the  immediate  classification  of  many  fatalities  and 
also  to  the  identification  of  certain  Important  data  voids.  Efforts  to  fill 
these  voids  produced  the  supplemental  data  which  was  also  used  in  the  review. 

4.1  Data  From  BAR's 


Boating  accidents  in  1974  which  involved  one  or  more  fatalities  were 
identified  by  printing  from  the  computer  summary  lists  of  case  numbers,  states 
and  dates  of  accidents  Involving  fatalities.  These  lists  were  used  as  the 
directory  to  BAR's  in  the  microfiche  which  report  fatalities. 

The  bar's  and  narrative  reports  for  each  fatal  accident  so  identified 
were  reviev/ed  and  the  following  data  was  summarized  for  each  fatal i ty  on 
special  coding  sheets. 

1.  reviewer's  initials 

2.  case  number 

3.  state 

4.  date  of  accident 

5.  victim's  name 

6.  victim's  sex 

7 . victim's  age 

8.  victim's  PFO  condition 

9.  victim's  swimming  ability 

10.  definitive  cause  of  death  (If  known) 

11.  distance  from  shore 

12.  time  alive  In  water 

13-  water  temperature 

14.  air  temperature 

15-  name  of  body  of  v^ater 

16.  type  body  of  water 

17.  review's  finding  (node  from  Figure  2) 

18.  remarks 

The  remarks  field  was  used  to  record  any  pertinent  observations  about  the 
victim's  state  of  alcohol  intoxication  and  about  the  prevailing  weather  and/or 
v/atcr  conditions  at  the  time  of  the  accident. 

The  reviev/  and  summary  of  the  BAR's  produced  many  data  voids,  partic- 
ularly in  PFD  condition,  swimming  ability,  time  alive  In  the  water,  and  water 
temperature.  These  four  data  I terns  were  the  principal  ones  needed  to  allow 
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completfon  of  the  classification  of  several  fatalities.  Of  the  four  data 
Items,  it  was  felt  that  a reasonable  expectation  of  obtaining  supplemental 
data  existed  only  for  swimming  skills  and  water  temperature. 


4.2  Supplemental  Data 


The  supplemental  data  which  was  sought  to  allow  more  complete  classi- 
fication of  the  fatalities  was  of  two  types  - swimming  skills  data  and  water 
temperature  data. 


Swimming  Skills  Data 

An  effort  was  directed  toward  obtaining  additional  data  regarding  the 
swimming  skills  of  victims  of  1974  boating  fatalities.  This  effort  pro- 
duced the  following  results. 


Skill  Level 

Number 

C 1 ass  1 f Icat Ion 

Poor 

8 'j 

^ Non-swimmer 

Fal  r 

Good 

Excel  lent 

'i  ] 

\ Swimmer 

Unknown 

1 

Unknown 

Total 

50 

The  supplemental  swlmmlng-skl 1 1 s data  effort  led  to  the  Identification  of  35 
out  of  50  fatalities  who  possessed  swimming  skills  sufficiently  well  developed 
to  Indicate  a good  chance  of  survival  even  without  flotation. 


Water  Temperature  Data 

The  best  source  for  water  temperature  data  on  a nation-wide  basis  was 
found  to  be  the  National  Water  Data  Exchange  (NAWDEX)  operated  by  the 
Water  Resources  Division  of  the  U.  S.  Geological  Survey  (USGS)  In  Reston, 
Virginia.  TheVi  of  course,  have  access  to  the  annual  USGS  water  data  reports, 
which  are  published  by  State,  and  the  USGS  Water  Data  Storage  and  Retrieval 
System  (WATSTORE) . In  addition,  NAWDEX  has  direct  access  to  the  Storage  and 
Retrieval  System  (STORET)  maintained  by  the  Environmental  Protection  Agency. 
Also  NAWDEX  maintains  a computerized  Master  Water  Data  Index  Identifying 
other  water-data-col 1 ect I ng  organizations  (e.g..  Corps  of  Engineers)  around 
the  country  and  the  specific  water  data  parameters  they  monitor.  Thus  NAWDEX 
could  not  only  provide  some  data,  but  could  provide  referrals  to  appropriate 
agencies  for  the  data  they  could  not  provide. 
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Having  identified  the  best  single  point  of  contact  for  nation-wide 
water  temperature  data,  the  next  question  was  how  to  communicate  to  NAWDEX 
the  tires  and  places  at  which  water  temperature  data  was  needed . Because 
cjf  the  considerable  volume  of  data  requests  to  be  made  and  to  facilitate 
NAWDEX  processing  the  data  requests,  It  was  decided  to  Identify  the  specific 
water  data  collection  stations  from  which  the  data  was  desired.  It  was  felt 
that  NAWDEX  should  be  able  to  respond  more  quickly  and  easily  to  requests 
for  specific  stations  than  to  requests  Involving  a narrative  description 
of  the  accident  site.  The  Identification  of  the  stations  was  made  possible 
by  the  USGS's  publication  of  a Catalog  of  Information  on  Water  Data  (6) 
wtiich  describes  data  collection  station  locations  by  body  of  water,  state, 
county,  nearby  landmarks  and  longitude  and  latitude.  Using  this  catalog 
and  a set  of  USGS  Hydrologic  Unit  Maps  the  station  or  stations  nearest  the 
boating  fatality  sites  were  determined  and  Identified  by  their  OWDC  numbers. 

It  appeared  in  (6)  that  the  OWDC  station  numbering  system  was  the  only  such 
unified,  naton-wide  scheme.  Therefore  data  requests  filed  with  NAWDEX  were 
stated  in  terms  of  the  OWDC  numbers  and  the  corresponding  dates  for  which 
surface  v/ater  temperature  was  desired.  The  requests  asked  that  if  tempera- 
ture data  was  not  available  for  the  specific  dates  requested,  then  it  be 
provided  for  the  two  nearest  available  dates  before  and  after  the  requested 
date.  They  also  asked  that  if  data  was  not  available  for  197^,  then  it  be 
provided  for  the  three  most  recent  years  for  which  It  is  available. 

It  was  determined  that  water  temperature  data  was  needed  and  would  be 
useful  for  classifying  200  fatalities  occurring  at  179  accident  sites  in 
197^.  Because  data  was  often  not  available  at  the  exact  locations  of  interest, 
it  v/as  necessary  to  sample  multiple  stations  In  the  area  of  some  accident 
locations.  Water  temperature  data  was  requested  from  the  USGS  at  310  station/ 
date  combinations  and  an  additional  7 combinations  were  requested  directly 
from  various  agencies  In  California.  The  310  requests  made  of  USGS  pro- 
duced referrals  to  52  different  local,  state  and  regional  organ Izat ions 
for  data  on  1^47  station/date  combinations.  Data  was  obtained  directly  from 
USGS  for  113  of  the  remaining  I63  station/date  combinations.  Requests  were 
transmitted  to  the  52  referred  organizations  for  the  147  station/dates 
involved.  Five  of  these  organizations  responded  by  issuing  referrals  to  other 
organ i zat ions . These  "third  generation"  requests  were  also  made.  Useful 
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data  was  received  for  87  of  the  l47  referred  otat lon/date  combinations 
and  for  of  the  7 California  combinations.  In  all,  data  was  obtained 
for  20*4  of  the  317  requested  station/date  combinations,  for  a percent 
'.ucces'.  rate.  This  data  supported  the  estimation  of  the  water  temperature 
as'.ociiited  with  157  of  the  200  boating  fatalities  addressed. 

'’lumtna  ry 

Boating  fatalities  for  197^  were  Identified  by  reviewing  the  BAR's 
for  accidents  indicated  in  the  Coast  Guard  computer  data  base  to  have 
involved  fatalities.  Of  the  1490  boating  fatalities  Identified  in  this 
way,  bar’s  could  not  be  obtained  for  15*  Thus  the  logical  classification 
schema  discussed  in  Chapter  3 was  applied  to  1475  boating  fatalities.  The 
supplemental  swimming  skills  data  obtained  for  49  fatalities  was  combined 
with  the  supplemental  water  temperature  data  obtained  for  157  fatalities. 
Together,  these  data  supported  the  successful  classification  of  III 
fatalities  which  could  not  otherwise  have  been  classified. 
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5.0  CLASSIFICATION  AND  ANALYSIS  Of  1974  BOATING  FATALITIES 


5.1  Results  of  C ) .iss  i f 1 cat  Ions 


The  re'julLs  of  applying  the  ci  as'j  i f icat  ion  schema  discussed  in  Section 
3.0  t(j  the  most  complete  data  obtainable  for  197^  boating  fatalities  are 
summarised  in  Table  5.  The  1490  Identified  fatalities  are  dichotomized  into 
1254  for  which  a definite  classification  could  be  obtained  and  236  which  are 
uncertain.  Of  the  236  fatalities  with  uncertain  findings  of  cold-related 
mechanisms,  no  Information  could  be  found  for  I5.  For  purposes  of  the 
analysis  to  be  performed  here,  there  are  no  fundamental  differences  among 
findings  of  Ul,  U2  or  Report  Missing.  These  findings  all  represent  fatali- 
ties for  which  a determination  of  the  Involvement  of  a cold-related  lethal 
mechanism  was  not  possible.  Of  the  125^  fatalities  which  were  definitely 
classified,  197  were  found  to  be  cold-related  and  1057  were  found  to  be 
unrelated  to  cold. 


5.2  Analysis  of  Results 

It  is  desired  to  compute  point  and  Interval  estimates  for  the  per- 
centages of  annual  fatalities  which  are  cold-related  and  also  for  the  per- 
centages involving  each  cold-related  lethal  mechanism.  The  point  estimators 
are  to  be  best  unbiased  estimators  for  each  desired  percentage  based  on 
the  data  available  for  review.  Two  types  of  intervals  have  been  constructed 
around  each  point  estimate  to  demonstrate  how  much  the  point  estimates  may 
be  expected  to  deviate  from  the  actual  values.  A deterministic  "interval 
of  uncertainty"  has  been  constructed  to  show  the  extreme  range  of  variation, 
for  each  point  estimate  for  1974,  which  results  from  the  inability  to 
classify  each  of  the  1 490  fatalities  as  a node  S,  D,  H or  N.  This  interval 
does  not  arise  from  random  variation  in  a point  estimate.  Its  limits  are 
absolute  for  the  197^  data.  Random  variation  is  considered  in  the  construc- 
tion of  the  second  type  of  Interval  - a bound  on  the  "95  percent  confidence 
interval"  fr)r  each  point  estimate.  The  confidence  interval  expresses  the 
year-to-year  variation  which  may  be  expected  in  the  point  estimate  due  to 
randomness  assuming  that  the  results  of  the  125^  definite  classifications 
are  representative  of  the  real  occurrences  of  cold-related  boating  fatalities. 
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TABLE  5 

CLA'^SIFICATION'.  OF  I97'(  BOATING  FATALITIES 


Node 

Number 

S 

6 

D 

101 

HI 

1 1 

H2 

1 1 

H3 

25 

DH 

^3 

> 

Nl 

19B 

N2 

159 

N3 

CO 

NA 

2^48 

' 

N5 

7A 

J 

Ul 

1 

U2 

178 

Report 

M i s s i n 

15 

J 

TOTAL 

i^tgo 

Subtotal  Classification 


197  Cold  Related 


1057  Not  Cold  Related 


236  Uncertain 


A 


\ 

I 
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1 


I'o  i n t.  Ls  l i n j t i on 


The  point  estimators,  p,  are  all  constructed  usinq  the  general  relation; 


number  of  occurrences 

number  of  definite  classificat 


T •(100) 

ions 


T he 


estimated  percent  of  fatalities  which  are  cold  related  is  denoted  by  p 


and  is  g i ven  by : 


^c  = 


197 

ITW 


•(100)  = 15.7^ 


The  corresponding  percentages  for  hypothermia  and  debilitation  deaths  require  an 
allocation  of  the  A3  conclusions  of  node  DH  between  their  respective  numbers  of 
'occurrences.  This  will  be  done  under  the.  assumption  that  each  mechanism  occurred 
amr, n'l  the  A3  DH  fatalities  in  the  same  relative  proportions  that  were  exhibited 
in  the  0 and  H nodes.  These  proportions  are  A7/  (lOI  + A?)  = 0.318  for  hypothermia 
fatalities  and  101/  (lOI  -t  A/)  = 0.682  for  debilitation  deaths.  Thus  the  percent- 
ages for  hypothermia,  p,  , and  debilitation  death,  p.,  are; 

h a 


'^h  = 


(0.3  18)  • (A3)  +A7 


and 


•(100)  = A.  3^^ 


•(100)  =10.  AS; 


'!•(:  p'Tcenl  of  fatalities  which  involved  sudden  death,  p^ , 


.I25A 


•(100)  = 0.6>, 


is  g i ven  by  ; 


Becaus'i  of  the  reasons  indicated  in  the  discussion  in  Section  3-2,  this  estimate 
is  conservative  and  could  involve  a large  proportional  error.  It  would  only 
require  6 undetected  sudden  deaths  for  the  proportional  error  to  be  50  percent 
<'6/12  X 1007;).  However,  correction  of  this  error  would  only  increase  the  estimate 
of  the  percent  of  fatalities  which  are  cold  related  by  0.5  percent. 


I’~tervul  of  Uncertainty 

havin')  crjmposed  the  best  point  estimates  of  the  percentages  supported  by 
'jbtain.ible  data,  it  is  necessary  to  recognize  the  uncertainty  which  exists  in 
th<.-sc  results.  Since  definite  conclusions  regarding  cold  involvement  couid  not 
be  supported  for  each  fatality,  the  actual  percentages  for  I97A  must  lie  within 
.in  interv.il  of  uncertainty  which  con  be  constructed  by  considering  the  extreme 
Cfjmb  i nat  ions  of  inv'ilvement  which  the  uncertain  cases  might  have  had.  The 
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lov/er  limits  of  these  intervals, P > constructed  by: 


minimum  possible  number  t)r  occu 
total  number  ol  lata) i lie 


rrences 


TIk-  upper  limits  of  the  intervais,  p , are  obtained  from: 

u _ Pmaximum  possible  number  of  occurrences^  .finni  ^ 

^ I total  number  of  fatalities  I 

For  the  combination  of  all  cold-related  fatalities  these  lower,  p , and  upper, 
p^  , limits  are : 


and  p 


=r 

C tkso  J 

u ^ f}37  -^236  ~| 

c ! 1^90  J 


(100)  = 13.2^ 


.(100)  = 29. 1^ 


Tfie  siiiallcst  percentage  possible,  results  when  the  197  identified  cold-related 
fatalities  are  the  only  ones  of  the  1^55  fatalities  which  were  cold  related. 
The  largest  percentage  possible,  results  when  all  fatal-ities  with  uncertain 
cold  involvements  are  assumed  to  involve  a cold-related  lethal  mechanism. 

The  corresponding  limits  for  debilitation  death  are; 


u _ 101  i4  '*•236 

^ 1_  |i490 


(100)  = 25.5^ 


Ir  should  be  noted  that  in  computing  the  upper  limit  on  the  percent  of  debilitation 
de.iths  the  f4  3 node  DH  fatalities  were  all  assumed  to  result  from  debilitation. 

These  were  fatalities  which  could  be  classified  as  "debilitation  or  hypothermia" 
b.Jt  whicfi  could  not  be  further  distinguished.  Therefore,  they  are  included  in 
the  ranges  of  uncertainty  for  debilitation  deaths  and  hypothermia  (p^  and  p|^) 
but  not  for  sudden  death  (p^).  The  limits  of  the  interval  of  uncertainty  for 
hypothermia  are: 


and  p 


■[tw]  • ‘'“O'  ■ 5-'* 

= r^7  + ^43  + 2361 

[_ r2r90 J • ('00)  - 21.99: 
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The  lov/er  lifnit  fur  sudden  death  is  crmst  ructed  as  were  those  for  the 
other  mechanisms  yield iny: 


The  upper  limit  for  sudden  death  is  constructed  using  only  those  uncertain 
c 1 as s i f i cat  ions  for  which  sudden  death  can  not  be  ruled  out  based  on  the 
time  the  victims  are  known  to  have  been  alive  In  the  water.  The  resulting 


Bcjund  on  the  35  Percent  Confidence  Interval 

It  is  interesting  to  consider  the  random  variation  which  might  be  seen 
from  year  to  year  in  the  percentages  of  occurrence  of  the  cold-related  lethal 
mechanisms.  The  normal  method  of  quantifying  this  variation  is  to  establish 
an  interval  within  which  the  parameter  being  considered  is  known  to  lie  with 
some  established  confidence  level  (probability).  The  95  percent  confidence 
level  is  commonly  used  and  will  be  used  In  this  report.  To  avoid  making  un- 
supportable  assumptions  about  the  precise  nature  of  the  probability  distri- 
butions governing  these  occurrences,  a non-paramet r ic  method  (Chebychev's 
inequality)  has  been  used  to  establish  a bound  on  the  95  percent  confidence 
interval  for  each  of  the  point  estimates  coniputed  previously.  The  following 
minimal  assumptions  must  be  made  to  establish  the  desired  confidence  interval. 

1.  The  proportional  data  embodied  In  the  125^  definite 
classifications  Is  representative  of  the  occurrences 

of  the  various  types  of  cold-related  boating  fatal ites. 

2.  Cold-related  boating  fatalities  occur  Independently. 

Trie  first  assumption  could  be  invalidated  if  major  meteorological  or  economic 
changes  in  the  future  affect  recreational  patterns  and  the  associcied  occurrence 
of  cold-related  recreational  boating  fatalities.  The  second  assumption  is  not 
strictly  valid  since  the  tendencies  toward  cold-related  deaths,  when  several 
inaividuals  are  simultaneously  Immersed,  are  linked  by  the  temperature  of 
the  v/ater.  The  cold-related  fatalities  shown  In  Table  5 Include  single-and 
multiple-fatality  accidents  as  follows. 
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No.  Fatalities  Per  Accident  No.  Accidents  No.  Fatalities 


1 

121 

12  1 

2 

28 

56 

3 

k 

12 

2 

B 

TOTALS 

155 

197 

Mu  1 1 1 pi c- f a t a 1 I ty  accidents  accounted 

for  (76/197) 

•(lOO)  = 38.6  percent  of 

all  cold-related  fatalities.  It  Is  not  suggested  that  there  Is  complete 
linking  between  these  occurrences.  Rather  It  Is  suggested  that  the  fatalities 
which  occur  within  each  mul t Ipl e- fatal  I ty  accident  may  not  be  Independent. 

The  maximum  number  of  "linkages"  possible  among  n entitles  Is  equal  to  the 
number  of  combinations  of  n things  taken  two  at  a time.  That  is,  n(n-l)/2. 

The  maximum  number  of  linkages  possible  among  197  fatalities  Is  19,306. 

The  number  of  linkages  possible  In  the  mu  1 1 1 pi e- fata  I I ty  data  cited  above 
i s : 

28  (^2(2-l)/2^  + A + 2 = 52. 

Thus  while  3B.6  percent  of  all  cold-related  fatalities  could  be  involved  in 
"related"  accidents,  they  are  involved  In  such  a way  that  only  (52/19,306) 

HOO)  = 0.?7  percent  of  the  maximum  possible  linkages  in  the  outcomes  could 
be  expected. 

The  construction  of  the  bounds  on  the  confidence  intervals  using  Chebychev's 
inequality  requires  estimates  of  the  variances  of  the  point  estimators.  The 
development  of  the  confidence  interval  bounds  will  be  shown  here  for  the  pro- 
portion of  cold-related  fatalities.  Then  special  steps  will  be  described 
■which  are  necessary  for  confidence  interval  estimation  on  the  proportions 
of  the  three  cold-related  mechanisms.  The  estimation  begins  by  defining  a 
binary  variable  X.  as  follows: 


r 0 If  fatality  I not  cold-related 
^ I if  fatality  I cold-related 

for  I = I , 2 I25A 


125'* 

Notice  that  the  number  of  cold-related  fatalities  Is  Z X.  and  the  proportion 


of  cold-related  fatalities  Is  p^  = (1/(25^) 


r 

E X 
i=l 


t = l 


I 


To  obtain  the 


confidence  interval  around  the  actual  proportion,  an  estimate  of  the  variance 
of  p^ , denoted  by  Var(p^)  and  , Is  required.  The  following  basic 


rt;  1 a t ionsli  i p will  also  be  used. 


\/ar(p^)  = Var 


r 


(1/ 


= (I/I25'*)^« 


! 

754 

>4; 

- \ 

1254 

Var 

I X 

i = l 

1254 

T. 

i=l 

Var(Xj) 

1254 

r 

i = l 

52 

X 

J 


( 


^Assuming  Independence^ 


(1/  I25M^  • 1254*  S2 


[' 


Var(p  ) = $2/ 1254 

C X 


The  estimation  of  j2  uses  the  following  relation. 

X 


S2  = (1/1253) 

X 


(1/1253) 


$2  ^ 0.132 

X 


125^  n 

T.  x?  - (1/1254)  ( T;  X )2 


i = l 


i = l 


197  - (1/1254)  (197)^ 


2 


Therefore  S = 0.010.  Using  P'  to  represent  the  ac tua 1 proportion  of  fatalities 

which  are  cold-related  and  Pr  for  "probability  that",  Chebychev's  Inequality 
s t a t c s : 

Pr  ( I p - P'  I > k • S ) < l/k2, 

' c c ' — — 

or  equ i va 1 ent 1 y 


Pr  (p  - k-S  -•  P'  < p + k'S  ) > I - l/k2  . 
' c p c c P 

^ c c 
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The  expres'jion  in  the  parentheses  <lelines  upp«-t  and  lower  lirtits  ol  a confidence 
interval  around  P^*.  The  right-hand  side  of  the  inequality  is  the  bound  on  the 
confidence  level  associated  with  this  interval.  It  Is  desired  that  I - l/k^  = 
0.95  so  k ^ h .h12  and  Chebychev's  Inequality  gives  the  following  bounds  on  the 
95  percent  confidence  interval. 


Pr  (0.  I I I < P^'  < 0.203)  > 0.95 


This  indicates  that  the.  percent  of  deaths  which  are  cold-related  will  be  between 
I 1.1  and  20.3  percent  at  least  95  percent  of  the  time. 

A similar  approach  may  be  used  to  establish  a confidence  interval  on  P^',  the 
proportion  of  debilitation  deaths.  The  variable  Xj  would  be  defined  as  follows. 

X = fatality  i does  not  result  from  cold  debilitation 

i ) I if  fatality  t results  from  cold  debilitation 

for  i = I , 2,  . . . , I25A 


In  this  case,  because  of  the  DH  nodes,  not  all  of  the  X.  can  be  determined.  However, 
in  calculating  p^  it  was  estimated  that  (0.682)  (A3)  + 101  = 130.33  fatalities 

involved  cold  debilitation.  Thus  although  all  the  X.  can  not  be  determined,  it 
is  estimated  that  130  of  them  would  be  I , I of  them  would  be  0.33  and  the  remainina 
I25A  - 131  = 1123  would  be  0.  This  information  is  sufficient  toallow  interval 

estimation  as  follov/s. 


S2 

X 


(1/  1253) 


130.11 


(1/  I25A)(I30.33)- 


0.093 


s =0.009 
Pd 


Pr  (0  .065  < Pj'  < 0.  I A2)  > 0.95 

Tnis  indicates  that  the  percent  of  debilitation  deaths  vyould  be  between  6.5  and 
|A.2  percent  at  least  95  percent  of  the  time. 

An  analysis  completely  analogous  to  the  preceding  one  may  be  performed  for 
the  (0.318)  A3  + A7  = 60.67  hypothermia  fatalities  expected  among  the  I25A 
definitely  classified  boating  fatalities.  The  results  are  as  follows. 

5^  = (1/1253)  1^60. A5  - (I/125A)  (60.67)2j  = 0.0A6 

s =0.006 
Ph 

Pr (0.02  I ^ P ' < 0.075)  >0.95 
h 
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The  corresponding  confidence  inter»/.il 
produces  the  foilowing  results. 


for  the  percent  of  sudden  denths 


= (1/1253) 

X 


0.002 


6 - (1/125'*)  (6)^  = 0. 


005 


Pr(-0.00'(  < P'  0.01'*)  > 0.95 
s 

Bectiusfc  we  know  P'  may  not  be  negative,  the  lower  bound  may  be  adjusted  to  0. 


Summa  ry 

The  point  estimates,  intervals  of  uncertainty  and  95  percent  confidence 
interviiis  are  summarized  In  Table  6 for  the  cold-related  lethal  mechanisms 
Individually  and  collectively.  It  should  be  noted  that  the  "Total  Cold-Related 
Deaths"  row  in  Table  6 can  be  obtained  by  summing  the  rows  above  it  only  for 
the  "Point  Estimate"  column.  Because  of  multiple  Inclusions  and  exclusions  of 
uncertain  and  node  DH  classifications,  the  limits  on  the  intervals  of  uncertainty 
are  not  additive.  Because  of  the  nonlinear  way  in  which  risk  levels  combine, 
the  bounds  on  the  95  percent  confidence  intervals  for  the  individual  mechanisms 
are  not  additive.  It  should  also  be  noted  that  the  point  estimates  are  all  very 
ruch  closer  to  the  lower  limits  of  the  intervals  of  uncertainty  than  to  their 
upper  limits.  This  Indicates  that  the  actual  percentages  for  1971*  are  probably 
considerably  closer  to  the  lower  limits  than  the  upper  limits. 
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6.0  DEMOGRAPHIC  ANALYSIS  OF  COLD-RELATED  FATALITIES 


Thi'j  chapter  presents  a demographic  analysis  of  the  197  boating 
. fatalities  which  were  previously  classified  to  be  cold-related.  The  following 

^ characteristics  are  considered  in  this  analysis. 

1.  time  of  year  of  fatalities 

2.  state  in  which  fatalities  occurred 

3-  temperature  of  water 
^ . victim's  age 

5.  victim's  sex 

6.  victim's  swimming  ability 

7.  victim's  use  of  flotation  assistance 

8.  type  of  body  of  water 

9.  operator's  age  and  experience 

10.  operation  at  the  time  of  the  accident  (general  and  specific 
act i V 1 1 les) 

I I . type  of  boat 
12.  type  of  casualty 

It  should  be  noted  that  it  is  not  necessary  that  the  197  fatalities  classified 
as  cold-related  be  the  only  ones  which  were  In  fact  cold-related  or  that  they 
be  associated  with  the  proper  lethal  mechanism  for  this  demographic  analysis 
to  be  accurate.  It  is  only  necessary  that  the  classification  results  be 
generally  representative  of  the  trends  which  exist  In  the  occurrence  of  cold- 
related  boating  fatalities. 

6.1  Distribution  of  Cold-Related  Fatalities  Through  Year 

The  time  of  the  year  when  the  cold-related  fatalities  occurred  is  presented 
for  bimonthly  periods  in  Figure  3.  The  frequency  of  cold-related  fatalities 
peaks  in  the  March-April  period.  It  then  falls  to  Its  minimum  A months  later 
in  the  July-August  period.  Following  this  the  frequency  rises,  more  or  less 
steadily,  back  to  its  peak.  The  exception  to  the  steady  rise  in  frequency  is 
the  November-December  level  which  is  higher  than  the  January-February  level. 

This  might  be  due  to  Increased  hunting  In  the  November-December  period  as 
compared  to  the  January-February  one.  The  occurrence  of  the  peak  frequency 
in  the  March-AprtI  period  might  result  from  the  high  level  of  outdoor  recrea- 
tion accompanying  the  return  of  warmer  weather  at  a time  when  the  temperatures 
of  most  bodies  of  v/ater  are  near  their  annual  minimum.  The  data  shown  in  Figure 
3 suggests  that  public  service  announcements  calling  attention  to  the  risks  of 
cold-water  immersion  should  be  presented  with  greatest  frequency  beginning  in 
October  or  November  and  continuing  through  April  or  May  of  each  year. 
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FIGURE  3 

DISTRIBUTION  OF  COLD-RELATED  FATALITIES  THROUGH  YEAR 


Bi-Monthly  Period 


6.2  Geo(jraph  i cal  Distribution  of  Cold-Related  Fatalities 


Several  measures  may  be  used  to  examine  the  geographical  distribution 
of  cold-related  boating  fatalities  across  the  states.  First,  the  number 
of  such  fatalities  occurring  In  each  state  may  be  compared.  In  addition, 
several  measures  of  "rate  occurrence"  of  cold-related  boating  fatalities  in 
each  state  could  be  constructed.  Two  such  measures  are  the  ratio  of  the 
number  of  cold-related  fatalities  to  the  volume  of  boating  activity  and 
the  proportion  of  all  boating  fatalities  which  are  col d- rel ated . These 
three  measures  are  presented  In  Columns  A,  C and  E of  Table  7 for  each  of 
the  60  states  and  the  District  of  Columbia.  The  states  are  ranked  in  Table 
7 in  order  of  decreasing  number  of  cold-related  fatalities  (Column  A).  The 
distribution  of  the  236  "Uncertain"  classifications  among  the  states  is 
shown  in  Column  F. 

The  number  of  cold-related  fatalities  ranges  from  0 for  several  states 
to  l6  for  California.  The  geographical  distribution  of  cold-related  fatali- 
ties across  the  United  States  is  shown  In  Figure  Each  asterisk  represents 
one  cold-related  fatality.  The  locations  of  the  asterisks  are  significant 
only  as  indications  of  which  states  the  fatalities  took  place  in.  Their 
locations  within  the  states  Is  not  Intended  to  indicate  the  exact  locations 
of  the  fatalities.  The  average  number  of  fatalities  in  each  state  (including 
the  District  of  Columbia)  Is  197/51  = 3.86  fatalities  per  "state".  Figure 
6 indicates  by  asterisks  the  23  states  which  had  above-average  numbers  of 
cold-related  fatalities.  This  data  Indicates  the  highest  concentrations  of 
cold-related  fatalities  in  states  in  the  northeast,  deep  south,  Great  Lakes 
and  west  coast  regions.  The  biggest  surprise  In  this  result  is  that  so 
many  cold-related  fatalities  were  found  in  gulf-coastal  states. 

Boating  activity  is  difficult  to  measure  directly.  Table  7 (in  Column 
B)  presents  the  percent  of  all  numbered  boats  In  197^*  which  were  registered 
in  each  state  (based  on  CG-357  (197^)).  These  percentages  do  not  sum  to  100 
since  Guam,  Puerto  Rico,  the  Virgin  Islands  and  American  Samoa  were  not  in- 
cluded in  Table  7-  Using  these  percentages  as  measures  of  the  relative 
amounts  of  boating  activity  In  each  state,  the  ratio  of  cold-related  boating 
fatalities  to  relative  amount  of  boating  activity  Is  shown  for  each  state 
in  Column  C of  Table  7-  The  ratios  range  from  0.0  for  several  states  to  30.0 
for  Alaska.  The  overall  ratio  is  2.0.  Figure  6 Indicates  by  asterisks  the 
22  States  which  have  values  of  the  Column  C ratio  above  2.0.  These  "high  risk" 
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TABLE  7 

COLD-RELATED  FATALITIES  BY  STATE 


Col  urn 

A 

B 

c 

0 

e 

F 

State 

Nut-oer  Ot 

Co  I d*  Pel ataJ 
Fatal  1 1 las 

i'ercent  Of 
1971*  Boats 
Nunbared 

Col  . A 
Col  . B 

Totd  1 

1974  Boating 
Fatal  1 1 (as 

Uncer  t a i n 
Classifi- 
cations 

Ca 1 > f orn i a 

l6 

7.2 

2.2 

127 

.1) 

1 7 

Nex  '^ork 

Ik 

5.3 

2.6 

85 

. 16 

15 

A1  a'^a'-a 

to 

2.) 

'•■3 

51 

.20 

4 

•'I  ch  1 gan 

10 

7.8 

1.3 

69 

.14 

8 

Al  aska 

'9 

0.3 

30.0 

48 

.19 

8 

Mjnneiota 

9 

6 . 5 

1 .it 

4J 

.22 

13 

Mississippi 

8 

8.0 

19 

42 

5 

Vi  rqirt  i a 

6 

k.it 

46 

.17 

3 

Wash i ngton 

8 

It. 2 

33 

.24 

5 

Florida 

7 

1.6 

37 

.08 

19 

Ohio 

6 

1.6 

38 

,16 

7 

Oragon 

6 

k.O 

29 

.21 

4 

Pannsyl van i a 

6 

2.8 

30 

.20 

0 

Ma  ine 

5 

1,4 

3.8 

30 

.17 

2 

Mary  1 and 

5 

2.9 

50 

. 10 

5 , 

Tcnnassec 

5 

I.S 

36 

.14 

2 ' 

*t«at 

5 

0.8 

77 

.06 

17 

Wl scons  1 n 

5 

0.9 

33 

.15 

5 

Art  zona 

it 

1 .0 

4.0 

17 

.24 

2 

( 1 1 I nois 

it 

3. 1 

1.3 

49 

.08 

5 

Lou  t s iana 

it 

2.3 

1.7 

77 

.05 

13 

Ntw  Jarsay 

k 

1.8 

2.2 

21 

.19 

2 

Morth  Carol ina 

k 

1.7 

2.4 

36 

. 1 1 

7 

Arkansas 

3 

1.5 

2.0 

20 

.15 

6 

1 daho 

) 

0.8 

3.8 

12 

.25 

3 

Iowa 

) 

1.9 

1.6 

20 

.15 

1 

kantucky 

j 

1.3 

2.3 

27 

. 1 ( 

4 

nassachusatta 

3 

2.0 

1.5 

26 

. 1 1 

5 

Montana 

3 

0.3 

(0.0 

9 

.33 

1 

Utah 

3 

6.0 

8 

.38 

1 

Ccorg i a 

2 

0.8 

37 

.05 

16 

le-*  r'arpsh  1 re 

2 

10.0 

'' 

. 18 

2 

C« 1 arora 

2 

(8 

. 1 1 

7 

South  Carol ina 

2 

54 

.04 

1 

Connecticut 

15 

.07 

1 

Iraisrs 

,08 

5 

Kansas 

i .0 

.14 

0 

M/S*OurJ 

2.6 

.03 

6 

North  Dakota 

1 

0.2 

2 

adoring 

1 

0.2 

HI 

2 

Al  1 Other  States 

0 

3.6 

HB 

H 

5 

totals 

19; 



99.7 

m 

1490 

236 
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FIGURE  5 

STATES  WITH  ABOVE -AVERAGE  NUMBER 
OF  COLD-RELATED  FATALITIES 


I K.UKr  6 

TATrS  WITH  AUOVI  AVI  HAUL  KILK  OF 
COLD-KFLATED  lATALITY 


FIGURE  7 

TATES  WITH  ABOVE-AVERAGE  PROPORTION 
OF  BOATING  FATALITIES  COLD-RELATED 


states  follow  the  same  general  pattern  as  shown  in  Figure  ^ except  for  the 
below  average  risk  shown  for  Great  Lakes  states  and  the  above  average  risk 
shown  for  Idaho,  Montana,  Wyoming  and  North  Dakota.  Of  course,  complete 
agreement  between  the  two  measures  shown  in  Figures  5 and  6 should  not  be 
expect  ed . 

Column  D In  Table  7 shows  the  total  number  of  boating  fatalities 
determined  for  each  state.  They  were  identified  by  reviewing  the  SAP's 
for  boating  accidents  indicated,  by  the  Coast  Guard  computer  data  base,  to 
have  involved  one  or  more  fatalities.  Column  E contains  the  proportion  of 
boating  fatalities  in  each  state  found  to  be  cold-related.  These  were 
obtained  as  ratios  of  elements  In  Column  A to  corresponding  elements  in 
Column  D.  These  proportions  range  from  0.00  for  several  states  to  0.142  for 
Mississippi.  The  overall  average  proportion  Is  shown  to  be  0.132.  Figure 
7 indicates  by  asterisks  the  25  states  which  exhibit  proportions  above  the 
national  average.  It  may  be  seen  that  the  heaviest  Involvement  of  above-average 
proportions  includes  states  in  the  northeast,  Great  Lakes,  deep  south  and 
northv^est  regions.  California  Is  just  below  the  national  average. 

Tliree  logical  bases  have  been  presented  for  directing  the  geographical 
distribution  of  efforts  to  reduce  cold-related  boating  fatalities.  The/  are 
■ le  fol lowi ng. 

1.  the  number  of  cold-related  fatalities  in  each  state 

2.  the  ratio  of  cold-related  fatalities  to  the  percent  of 
nunrbered  boats  registered  in  each  state.  This  is  an 
estimation  of  the  number  of  "cold-related  fatalities 
per  unit  of  boating  activity" 

3.  th(!  proportion  of  all  boating  fatalities  which  are  cold- 
related  In  each  state 

Tr"  use  of  these  criteria  should  be  decided  on  the  basis  of  their  appropri- 
ateness to  the  type  of  effort  being  considered  for  the  reduction  of  cold- 
related  boating  fatalities. 

6.3  Temperature  of  Water 

The  numbers  of  cold-related  fatalities  occurring  in  water  of  various 
tcniperatures  are  shown  In  Figure  8.  The  distribution  is  essentially  uniform 
between  k0"F  and  70'’F  with  a much  smaller  number  (fewer  than  10%)  occurring 
in  water  In  the  30's.  Three  fatalities  were  classified  as  cold-related  wi thout 
knov/ledge  of  the  temperature  of  the  water  involved.  These  are  shown  as 
"Unknov/n"  in  Figure  8.  Of  course,  no  fatalities  occurring  in  water  over  70“F 
were  classified  as  co 1 d- re  1 ated . 
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FIGURE  8 ; 

COLD-RELATED  FATALITIES  BY  WATER  TEMPERATURE 
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6.h  Age  of  the  Viet  ins 


The  number  of  cold-related  fatalities  occurring  in  various  age  groups 
are  shown  in  Figures  9 and  10.  The  age  groups  used  in  CG-357  for  "operator 
a<je"  v/ere  used  in  Figure  9-  Figure  10  shows  a more  detailed  and  uniformly 
sub-divided  age  raneje.  The  distribution  of  victims'  ages  follows  a pattern 
which  is  grossly  unremarkable.  The  frequency  of  cold-related  fatalities  climbs 
quickly  above  age  10  to  its  peak  In  the  20  to  25  years  interval.  It  then  declines 
quickly  to  age  35  and  is  more  or  less  constant  until  age  65.  Only  about  5 percent 
of  the  fatalities  occurred  at  ages  over  65  while  about  50  percent  occurred  in 
the  20  year  interval  betv/een  ages  15  and  35- 

6.5  Sex  of  th.e  Victims 


The  representation  of  the  sexes  among  victims  of  the  fatalities  classified 
as  cold-related  is  highly  non-uniform.  The  numbers  of  fatalities  experienced 
by  each  sex  are  as  follows. 


TABLE  8 

COLD-RELATED  FATALITIES  BY  SEX 


Mr , e 
Fema 1 e 
TOTAL 

With  over  90  percent  of  the  cold-related  fatalities  occurring  among  males, 
there  would  seem  to  be  merit  in  the  notion  of  directing  efforts  to  reduce 
cold-related  fatalities,  where  possible,  toward  males. 

6.6  Swimmiing  Skill  and  Use  of  Flotation  Assistance 

The  distribution  of  the  197  fatalities,  classified  as  cold-related,  over 
the  possible  combinations  of  sv/imming  ability  and  flotation  assistance  usage 
is  shov/n  in  Table  9. 


Number 

Percent 

180 

91  .'4 

17 

8.6 

197 

100.0 
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TABLE  9 

SWIMMING  SKILL  AND  USE  OF  FLOTATION  ASSISTANCE 


Number  of 
Cold-Related 
Fatal  It  les 

FLOTATION  ASSISTANCE  USED 

Totals 

Yes 

No 

Unknown 

Yes 

29 

1 10 

AO 

179 

iwimmer 

No 

A 

0 

0 

A 

Unknown 

9 

3 

2 

lA 

TOTALS 

h2 

113 

A2 

197 

It  should  be  recalled  that  the  definition  of  flotation  assistance 
approved  PFD's  properly  used  as  well  as  other  reliable  sources  of 
were  known  to  be  used.  Table  9 Indicates  that  over  55  percent  of 
fatalities  Involved  swimmers  without  flotation  assistance.  These 
which  might  not  have  been  averted  by  the  additional  use  of  simple 
assistance  alone. 


includes 
support  which 
cold-related 
are  fatal i t i es 
f lotat ion 


6.7  Type  of  Body  of  Water 

The  distribution  of  the  cold-related  fatalities  over  the  various  types  of 
bodies  of  water  in  which  they  occurred  Is  shown  In  Table  10.  Comparing  the 
percentages  of  the  197  fatalities  classified  as  cold-related  occurring  in  each 
type  of  body  of  water  to  the  overall  percentages,  ft  may  be  seen  that  there  is 
very  little  difference  In  the  two  distributions.  A slightly  larger  percentage 
of  cold-related  fatalities  than  overall  boating  fatalities  occurred  in  oceans 
and  gulfs.  A slightly  smaller  percentage  of  cold-related  fatalities  occurred 
In  non-tidal  waters. 


6.8  Age  and  Experience  of  the  Operator 
The  percents  of  fatalities  which  occurred  from  boats  being  operated  by 
Individuals  in  various  age  groups  is  shown  In  Table  II. 
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TABLE  10 

PERCENTS  OE  FATALITIES  BY  TYPE  OF 
BODY  or  WATER 


Cold-Related  All  Boating 
Fatal i t ies  Fatal  it les- 


Ocean , Gulf 

12.2?; 

7.7? 

Great  Lakes 

3.6? 

4.1? 

Tidal  Waters 

18.3? 

16.6? 

Bay 

(9. 1?) 

Inlet 

(2.0?) 

Sound 

(6.6?) 

Harbor 

(0.5?) 

Non-Tidal  Waters 

66.0? 

71.6? 

Rivers 

(28.4?) 

Creeks 

( 2.0?) 

Canal s 

( 0.5?) 

Lakes  & Reservoirs 

(3^.5?) 

Ponds 

( 0.5?) 

* Computed  from  data  in  CG-357 (197^) 
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TABLE  I I 

PERCENTS  or  FATALITIES  BY  OPERATOR  AGE 

Cold-Related  All  Boating 

Fata  1 1 1 i es  Fatal i ties 


Less  than  12  years 

0% 

0.3% 

12-18  years 

7. 61 

5.6% 

I9'25  years 

lS.7t 

lA.?^ 

26-50  years 

'♦5.23: 

kl.SZ 

Over  50  years 

17.8^ 

\6.7% 

Unknown 

13.73; 

19.5% 

No  Operator 

03: 

0.3% 

*Conputed  from  data  In  CG^2^2_jLL2Zii}  • 

Cor-p.jring  the  tv/o  distributions  of  fatalities,  It  may  be  concluded  that  cold- 
related  boating  fatalities  occur  front  boats  operated  by  individuals  whose  ages 
follow  the  same  pattern  as  exhibited  by  the  whole  of  boating  fatalities. 

Table  12  indicates  the  percent  of  fatalities  which  occurred  with  the 
operators  of  the  boats  having  experience  in  each  of  several  categories. 


TABLE  12 

PERCENTS  OF  FATALITIES  BY  OPERATOR  EXPERIENCE 


Type  of 
boat 

Exper i ence 

Cold-Related 
Fatal  1 1 ies 

A1 1 Boat  1 ng 
Fatal i t i es 

Sane 

Less  than  20  hours 

1 1 . 2%** 

9.'<3 

Same 

20- 1 00  hours 

13.23 

13.  13 

Sane 

100-500  hours 

25.9% 

16. '♦3 

Sane 

Over  500  hours 

23.^% 

18.93 

Sane 

Unknown 

2S.^% 

41.93 

Sane 

No  Operator 

0 

0.33 

D i f ferent 

100-500  hours 

1 .03 

0 

■•'"Computed  from  data  In  CG- 

357  (197'*} 

**  Includes  O.S'-o  (I  operator)  with  over  500  hours  of 
experience  in  a different  type  boat 


The  type  of  boat  shown  in  Table  12  refers  to  whether  the  operator's  experience 
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was  in  the  same  type  of  boat  as  that  from  which  the  fatalities  occurred  or 
in  a different  type  of  boat.  Cornparinq  the  two  experience  distributions  it 
ri;ay  be  seen  that  the  main  difference  is  that  a smaller  percentage  of  operators 
h.ive.  unknfjwn  experience  in  the  cold-related  fatality  group  than  in  the  overall 
bi',.ilinq  f.ilality  group.  The  reduction  In  the  percentage  with  unknown  experience 
for  tlie  cold-related  fatalities  Is  distributed  largely  across  the  two  categories 
involving  the  most  experience  (I00-500  hours  and  over  500  hours).  Therefore 
it  could  not  be  said  that  cold-related  fatalities  occur  In  a disproportionate 
v;ay  due  to  lack  of  experience  on  the  part  of  the  boat  operators. 

6.9  Operation  at  Time  of  Fatality 

There  are  tvio  distinct  aspects  of  the  "operation"  in  which  a victim  was 
involved  at  the  time  of  his  fatal  accident.  There  is  a general  aspect  which 
describes  the  nature  of  the  activity,  which  prompted  the  individual  to  venture 
out  in  the  boat  to  begin  with.  This  general  aspect  may  be  particularly  useful 
in  identifying  groups,  such  as  hunters,  which  are  significantly  represented 
among  cold-related  fatalities.  These  groups  may  be  reached  more  or  less  directly 
by  programs  aimed  at  reducing  the  occurrence  of  cold-related  fatalities.  There 
is  also  a specific  aspect  of  the  activity  at  the  time  of  the  accident  which  may, 
ccnvey  useful  information  about  the  causes  of  these  accidents  for  various  types 
of  general  activities.  Table  13  shows  the  distribution  of  the  197  cold-related 
boating  fatalities  across  the  various  combinations  of  the  affected  A general 
activities  and  II  specific  activities.  The  general  and  specific  activities  are 
ranked  in  order  of  decreasing  total  occurrences. 

Peviewing  Table  13,  the  following  results  may  be  seen. 

1.  Approximately  U'}  percent  of  the  cold-related  fatalities 
occurred  during  fishing  outings. 

2.  The  8^  cold-related  fishing  fatalities  shown  in  Table  13 
account  for  approximately  33  percent  of  the  255  fatalities 
indicated  in  CG-357  to  have  occurred  while  fishing. 

3.  Less  than  10  percent  of  the  cold-related  fatalities  occurred 
during  hunting  outings. 

4.  The  19  cold-related  hunting  fatalities  shown  in  Table  13  account 
for  approximately  83  percent  of  the  23  fatalities  indicated  in 
CG-357  to  have  occurred  while  hunting. 

5.  Approximately  48  percent  of  the  cold-related  fatalities  occurred 
v;h  i 1 c cruising. 
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TABLE  13 

COLO-RELATED  FATALITIES  BY  OPERATION  AT  THE 
TIME  OF  THE  ACCIDENT 


Number  of  Cold-Related 
Fatal i ties 

General 

Activity 

TOTALS 

Fishing 

Boating 

Hunt  I ng 

Unknown 

Cruising 

1*0* 

3k 

\k 

6 

Sk 

Dr i ft ing 

27 

3 

5 

3 

38 

Rowing  & PaddI Ing 

2 

17 

2 

21 

Sailing 

9 

9 

Docking 

3 

k 

7 

Spec i f ic 

Weighing  Anchor 

5 

1 

6 

Activity 

At  Anchor 

A 

1 

5 

Raft  I ng 

k 

k 

Racing 

2 

2 

Under  Tow 

2 

2 

Unknown 

3 

6 

9 

TOTALS 

6k 

76 

B 

18 

197 

* Includes  2 who  were  trolling 


6.  Approx inate I y A8  percent  of  the  cold-related  fishing 
fatalities  occurred  wii  I i c cruising. 

7.  Approximately  7^  percent  of  the  cold-related  hunting 
fatalities  occurred  v/hlle  cruising. 

It  may  be  seen  that  a substantial  proportion  of  cold-related  fatalities  occur 
while  fishing  and  a substantial  proportion  of  fishing  fatalities  are  cold-related. 
But  while  a very  large  proportion  of  hunting  fatalities  (from  a boat)  are  cold- 
related,  only  a small  proportion  of  cold-related  fatalities  occur  while  hunting. 

It  may  also  be  seen  that  a large  proportion  of  cold-related  fatalities  occur 
while  cruising.  This  proportion  among  hunting  fatalities  is  even  larger, 
possibly  due  to  the  statistical  smallness  of  the  number  of  hunting  fatalities. 

6. to  Type  of  Boat 

The  numbers  of  cold-related  fatalities  occurring  from  the  different  types 
of  boats  involved  are  shovm  in  Table  II4.  It  may  be  seen  that  a very  broad  range 
of  boat  types  are  represented  in  Table  1^;  but  open  motorboats  from  12  to  I6 
feet  in  length  account  for  39  percent  of  the  cold-related  fatalities. 

6.11  Type  of  Casual ty 

The  term  "type  of  casualty"  is  used  in  CG-357  to  refer  to  the  principal 
event  v/hich  caused  the  accident.  A more  common  usage  would  refer  to  the  outcome 
of  the  accident,  particularly  to  a person.  The  term  is  used  here  to  avoid 
ambiguity  in  a comparison  to  results  obtained  from  CG-357 ( 1 97^) ■ 

Table  15  presents  a comparison  of  the  distribution  of  the  cold-related 
fatalities  and  all  boating  fatalities  across  the  types  of  casualties  affected. 

The  "unknown"  category  was  not  used  In  CG-357  indicating  that  such  casualties 
were  probably  included  in  the  "other  personnel  casualty"  category.  This  would 
account  for  the  differences  In  the  two  distributions  In  these  categories.  The 
distributions  coincide  very  closely,  particularly  for  the  major  casualties  - 
capsizing  and  falls  overboard.  The  only  significlant  remaining  difference  is  in 
the  flooding  category,  with  nearly  8 percent  more  cold-related  fatalities  resulting 
from  flooding  of  the  boat  than  is  the  case  for  all  boating  fatalities  combined. 
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1 

table 

1 

COLD-RELATED  FATALITIES 

BY  BOAT  TYPE 

Number 

of 

Type  of 

Boat 

Col d -Rel ated 

Fatal i t 1 es 

t 

1 . Motor i zed 

lAO 

L. 

A. 

Flat  Bottom  Boat 

13 

1 . 12'  - 1^ ' in  length 

(9) 

2.  lA’  - l8'  In  length 

(2) 

3.  Unknown  length 

(2) 

- 

B. 

Open  Motorboat 

99 

I 

1.  Less  than  12'  in  length 

(1) 

2.  12'  - lA'  in  length 

(57) 

3.  lA'  - l6'  in  length 

(20) 

A.  I6'  - I8'  in  length 

(7) 

5.  l8'  - 20'  in  length 

(A) 

6.  Over  20'  in  length 

(6) 

7.  Unknown  length 

(A) 

C. 

Cabin  Motorboat 

23 

1 . 1 6 ' - 2A ' i n 1 ength 

(9) 

2.  25'  - 30'  in  length 

(10) 

3.  Over  30'  in  length 

(A) 

D. 

Aux i 1 i ary  Sa 1 1 

5 

1 . 30 ' - 60'  in  1 ength 

(3) 

2.  Over  60 ' in  length 

(2) 

1 1 . Manual 

56 

A. 

Sa i 1 boats 

1 1 

1.  lA'-l8'inl ength 

(7) 

2.  Over  l8'  in  length 

(2) 

3.  Kayaks  6 canoes  with  sails 

(2) 

B. 

Kayaks  and  Canoes 

21 

C. 

Row  boats  and  Dinghies 

18 

D. 

Rafts 

5 

E. 

Pontoon  with  Paddles 

1 

Unknown  L 

TOTAL  197 
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Thiti  bctn's  plausible  ‘jince  swamped  boats,  as  differentiated  from  sunk  boats, 
would  qenerally  cause  Immersion  of  Its  occupants  but  would  not  necessarily 
threaten  eniinent  drowning.  This  would  present  cold^related  lethal  mechanisms 
an  opportunity  to  act  if  the  environmental  conditions  permit  and  the  victims 
ore  ntjl  satisfactorily  protected. 


TABLE  15 

PERCENTS  OF  FATALITIES  BY  TYPES 
OF  CASUALTY 


Ground  1 ng 
Caps i ? i ng 

Flooding  (sv/amping) 

Sinking 

Fire  or  Explosion  (fuel) 

Fire  or  Explosion  (other) 
Collision  With  Another  Vessel 
Collision  With  Fixed  Object 
Striking  Floating  Object 
Other  Casualty  to  Vessel 
Falls  Overboard 
Falls  Within  Boat 
Struck  by  Boat  or  Propeller 
Other  Personnel  Casualty 
Unknown 


Cold-Related 
Fatal  It ies 

A1 1 Boat i ng 
Fatal i t i es* 

1.5% 

1 .0% 

'♦3.  1% 

.6% 

10.2?; 

2.6% 

1.5% 

5.5% 

0.5% 

0.8% 

0 % 

0.3% 

\.0l 

3.7% 

CO 

5.0% 

2.0% 

1 .2% 

0 % 

3.7% 

20.3% 

22.8% 

0 % 

0.7% 

0 % 

1 .k% 

1.5% 

9.5% 

10.2% 

0 % 

Computed  from  data  in  CG-  357  ( 1 97^) 


7.0  SUMMARY  ANO  CQNCl.U'^ION 


A byitemotic  schema  has  been  developed  for  the  logical  review  of  the 
circumstances  surrounding  boating  fatalities.  It  produces  classifications 
of  ttie  fataiities  regarding  the  causal  involvement  of  three  cold-related 
lethol  mechanisms  - - sudden  death,  debilitation  death  and  hypothermia. 

An  intensive  review  of  the  boating  fatalities  occurring  in  calendar  year 
I 97^t  has  been  conducted.  This  produced  an  estimate  that  15.7  percent  of  all 
boating  fatalities  involve  one  of  the  cold-related  lethal  mechanisms.  In  a 
typical  year  involving  1500  total  boating  fatalities,  approx imate 1 y 236  of 
them  may  bo  expected  to  be  co I d- re  1 ated . Assuming  197^  to  be  a representative 
year,  it  has  been  shown  that  the  percent  of  boating  fatalities  which  are  cold- 
related  may  be  expected  to  vary  due  to  randomness,  from  II. I percent  to  20.3 
percent.  The  corresponding  range  of  cold-related  fatalities,  in  a year  of 
1500  total  fatalities,  is  from  I66  to  304. 

A demographic  analysis  of  the  fatalities  in  1974  classified  as  cold- 
related  has  produced  the  following  observations. 

1.  50  percent  of  cold-related  fatalities  occur  in  the 
4 months  from  March  through  June. 

2.  The  states  most  heavily  involved  in  cold-related  fatalities 
are  in  the  northeast.  Great  Lakes,  deep  south  and  west 
coast  regions. 

3.  50  percent  of  the  victims  of  cold-related  fatalities  were 
between  15  and  35  years  old  and  5 percent  were  over  65. 

4.  Over  90  percent  of  cold-related  fatalities  involve  male 
victims. 

5.  Over  55  percent  of  cold-related  fatalities  involve  victims 
v/ho  could  swim  but  were  without  flotation  assistance  at 
the  time  of  their  accident. 

6.  Cold-related  fatalities  occur  in  various  types  of  bodies 
of  water  in  essentially  the  same  proportions  as  do  all 
boating  fatalities  combined. 

7.  Cold-related  fataiities  occur  from  boats  operated  by 
individuals  whose  ages  and  experience  are  very  representative 
of  those  involved  in  all  boating  fatalities  combined. 

8.  Approx  iniatel  y 43  percent  of  cold-related  fatalities 
occurred  during  fishing  outings  while  10  percent  occurred 
during  hunting  outings. 
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9.  A8  percent  of  cold-related  fatalities  resulted  from 
accidents  which  occurred  while  cruising. 

10.  A very  broad  range  of  boat  types  were  Involved  In 
cold-related  accidents  but  39  percent  of  the 
fatalities  occurred  from  open  motorboats  between  12 

and  1 6 feet  In  length.  , 

11.  The  percent  of  cold-related  fatalities  resulting  from 
boat  swampings  was  slightly  larger  than  the  corresponding 
percent  of  all  boating  fatalities. 

Cold-related  lethal  mechanisms  have  been  estimated  to  account  for 
approximately  I6  percent  of  all  boating  fatalities.  This  estimate  probably  y 

lies  In  the  middle  ground  between  two  schools  of  thought  on  the  significance 
of  cold.  While  the  cold  Is  by  no  means  Involved  In  a majority  of  recreational 
boating  fatalities,  It  must  be  concluded  to  be  Involved  In  a significant 
proportion  of  them. 

The  problem  has  been  shown  to  be  more  pervasive  than  might  have  been 
expected.  The  period  of  most  frequent  occurrence  extends  Into  early  summer. 

The  geographical  regions  of  greatest  risk  Include  the  deep  south.  Victims 
affected  the  most  range  from  10  to  65  years  In  age.  Cold-related  fatalities 
occur  from  all  types  of  boats  operated  by  Individuals  In  all  age  and  experi- 
ence ranges. 

Yet  there  are  some  clues  to  the  nature  of  a high-risk  population.  The 
vast  majority  are  males.  Over  half  are  swimmers  without  flotation  assistance.  I 

Half  are  from  15  to  35  years  of  age.  Nearly  half  are  on  a fishing  outing. 

Nearly  half  are  cruising  at  the  time  of  their  accidents.  Approximately  kO 
percent  are  In  open  motorboats  between  12  and  16  feet  In  length.  These 
characteristics  of  the  high-risk  population  may  enable  efforts  aimed  at 
reducing  cold-related  fatalities  to  be  most  fruitfully  directed. 
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APPENDIX  A 

BOATING  ACCIDENT  REPORT  FORM 


METRIC  CONVERSION  FACTORS 
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